


f 


ns Cain 






Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1984-12-01 


Design consideration for the X-ray Cerenkov experiment 


Chol, Youn Dae 


http://ndl.handle.net/10945/25816 
Copyright is reserved by the copyright owner. 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
D U DLEY research materials and institutional publications created by the NPS community. 
get Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS'‘s first 
KNOX appointed — and published — scholarly author. 


LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


sniseesdeihctcthaly vibes ina'e, % 4 Ne TavReh, Seite eT Aas EASA Te 
al -a0" we ara Asgaiaa th snteagh Age, et Seer Oe rs 





wer ae oeeih a sheen aha Reha et 
aah Peal : " RDN. DC Ae hrte® Lay Sabet 
co EE RR A a Siig pg tiene ete AF rp mesa pes i Siamd cuss Seongens buen! ee Aces eeacae ipbetere 1B dn, he RARE QPCR LA AebeR Stems Ay NCR 

0 Pinte pe s fon af i 8 ies O57 te OPE M8 ft LEER AR OO eS etm aBOr Hers um send vet P Geetbeel # . Pont te Pe aad pater - B rs 2 Mg adogadald 
=e eran ee pe reir ws ately’ 4 =< pk pore = ropdleg ybocaha baie suet Ne 2. PedAEnts PrN Coles as ee } Aneded desta FH) Ketthu Del qatar vase ot them amends. oe Sage Sabee’, NASA E OV te rh A Piped Me GIA Can CYA Ad Set Meg Manedh ty rh len Se Ae rot ¥ . ras » ge oe ea & Lam ent meas eT aay SN, 
RE. FAO LRRD PAG 9 PVA LE st ms states AA tab sh- aeons ae Pete ee cnanatns doa an ateaes e we fe perl vs raeeaot nove 4 nprebigt he bape mn “a pers _ orn abr inny preper rae oe at Rear arte ee enh a Pee se oer eee amps Sq ceed. Moen Ae dey coe Sa Aceaa A. wt See tee a Wea su Seencay Sogo Sachi & Phales tae ta es 

a 5 ° AP ant 0 Myth eek : : ‘ ; Es gia ee. troraaen Supra h AR oe aio! 98 cto: F 4 a ae th. 3. ~ ve a e 3 mie 
My < ecw 6 een Sone tote + GS FA wnsarrapamnerpocasnentys s ok was KO 0-2 OE SMT TRAMs muy PART MeAN De Be Add WLM. Richa Mensa Aves) Niimicmee VAnrbe 8 He, oe GUFHsM AY 4 AAEM mAe MIYAKE Neoiets NIRS Ue 65 Wee a ete ype Se kareten me 
x ‘ nel te ; : 


oat 
SIMS 9 ot Nat Ond ae a ; —— : 
ae DE ARR 0 PEL BEF OOOO RLF DOD B06. G09 BEL 9A abet AA BM Prat Pot A bad Sh ye RAS tS OR €-8-403" O09 (OP DAS OF joo san Pel ecirtips Me odin wl) Yeeereeares Se Pa) Fut rr ap oMaMec IER MIELE? Miraseen, co A rent Hy 7 ' bent arietbr ty. 2 See — ; : 
ae eal 4 ‘ 7 " Os dh ell i. > ~ oma dag 3 DO > Mey west Apion’ Peed oe a “ 
EONAR ORNL IOS LO SAAD 8 OP eran ry ae ye ee er EE PSY ahaa eaues ashy JOAN s, S Aman rh We NIEME NE SPR Ont I coer 
G? SS ee ROPE ete Ante . * = A 1s 


if *' - id 
Feat 00 0E of Oh oF sr BL oh GO DOES Orn BEE EO A Mn BNA AA IDE AED Fo Age Dewy we apo ee pe PG Lae bt otal And AA GANS. Fed AF Ohad) Hmte SAD: 
" Co le 3 \ x dal bd 


4 Paes dt EE MORE ic i i E ia 
ieaipaai Degeand eee eer ror) : r 3 9 oGdtah gnat AR ete fo Ratu a Pest iad tha OF 8 Ae Ai Rt oe 1g ME YY ® ? ; : . ; 
at nataf B®. - Soeearyetepo a plbyeligpenper a ae reign Oma eee: SEE WM hy hae Ree Be viedo Seas in Cee Ooh ere rated she If intl a= a Se a Le ate uae in sl een tadeinhr sie Aa Are res whe wert SFY ets he ae erat ets he hed .: 
* Pape ee OR ieets pools CH RAAF Bag, At VO OMG MTG Fe gs Mol Er irr he OF Palo Vere T UI 6 LGIGe SE PPEF Bat VAs VA re Hyhiad on Aad & PN VOU Se rip ge te be Tei poh Spend Idee hy ata “ un ae of ore «| ™ Ake Dee Bu Raa! 
: = os 4 4 + ea ad Y . re Plt ib. y enn 7 Uae ALACRA HAs Me tahelel ie rags! Neti Bag RatV = thd Nema Moor GOR aie Ramat <u: Mv li Me lhs Meee Ol Ke Ooi eel 
c| Pte i rw ee Car ee Sad Meret Md MR, matd ob nos enna tm Paar ™ ap! a a rnraN anes eseceahe ore Se a . mys Be 3 ‘ canoe 


, 4 : : 

PROPS he Pad CAME ob LOR POF LATS Ha onl OR nd EA 8 9 OA ALN KBD MD BAA LGA EM FAB PRA eh: bah Rimi ne. 2M ewe a fee tee os ate Ane 8.1, E pppapreny sp Le pk pw R 4 as ¢ eos of 4 aie ar PY nner f af 
c ad s Aol fo a * ode Pt al je alates Am rs! em . = i 

tv? Bae WB o& bOY Madi OF AP PAPER A Nate oe stash ARS Bode e A--b, pe h Shem, a + cad tia, Bo Cael ve) ete R. ak eevee ee Nn 


dest att A og eaal. hve eid KER nin’ Be ee. 
SO ee ee ee ee ee ee ee ee CAG Btn F ene f Bute tlterate hint Katka Raft 0 Bent Ape 26 Pdrokte UNH Re 60 IL Met 7) _ ee - rine tA ee aceae pA ertterge. G . 
= > js is Peak Pp vtncude, f ne MU Dna: tot UR sah m cj . . 
wr i ee : : a” epee BO ree con oR Atty » Raterenomm caret Alb. ayenedaa hee Ap Re Rah en lNe' Ae WARNE aes Het een ce tor Baten Ne Anshun Ae Dcthes he Atte only mma ne aenerna 
< a f La 


See Seek ntc tetany. ete nr gaan ONE Nt Naty oO SiR OA Latte eres RoHS « b NTT neelnene Rafe, Sw See emir hee et 





ee ee ne ee ee ee ee ee ee sipan wet: . ¢ red . > > 
he OCONEE Ot Oe hh oh athe Oey BI wh OAc oO Pore al LEE eat » eve, OR SIE R. 61! Bom F-828 82 OF GE MLR OCR e ALF. Sheek 0 Frogs = Nester Bats DAR ert 9 Rent Seis 6-1 em opdnd Pad sDku fod rs Yor BFE IS Py Oey Mor SEAL Seperate : . ae phe 
ee rau meee eizeoul Suh covnbags : at Stare ts f2t<oy « Ret R MOD En Siro Kiwabhare AFRIA-® CodeI J oo tf Sp bof’ ne Crater che AR OA ca Hint! HET fe PGE PEAS Co IRE LM Jo TsO se DINE mr nmathates Ae PreatnNasy at pe8inr & an: ws . ie 
Pe ST WMP TD BASS an Fah cnr pebble per iearorap papa t Sey renee sprees ch padre eng 3 dey D ixdeancn a oiCeaaes call 0 ee = rite “pte = renang te ieee oot at re a sh aa Ra) gree ppt or he. trig Hed = pret bon 2 oo agement te eran oo CER nrtheet. ame Quit, tn Nemer Ws UeRe Ralls Mis ANE NS Piece 
a cra dle aia abe -de-diana-aapmatapadiamss decined tarred aa TCO abu 0 cian td aaohedgn brig Seu eAbL OME Ah ness ate htlvnte Bnd C2 ele a Ouk fF munaee Fl oe ae PLE WIE eS Siole de DUTMNS E+ RINT bat Sess Mehe arene PER AE MECN eB mae ie rA oe pont 7 Ane a lnttinn @ oR, Kattan te 164.4 2a Be ute Be bey hrde Area te 
- > ge . cad" i . = 2 a i . z P e > Hh» ATS ery Rete ele Ren eM, Ady AM Mg tern cae te he a dl o i" “ - 
FPP ee ee ee ee ey ee free daaparteceae Lhtabenapd 2 OI, MXG a he MANO A OLA ED 0 Gad orate Gb O WATS HD Oe OAD ALE FOl~ ED Re rem EEN GT SOK er per |e dl SLES — Age te-A¥ rm Reh ich GDS -aeth Nd MTR hota ee au a pn . Sr wear a = 
: By de odd adeat uutanh bila ce aril nid te dudisadaniandintca nt acepid : ohh ; = rhe? a ohrye Jaden ~ BA SAE Peeve Re Asafa Rie erte Bees NTT eth SPgre: ee GORY we Rae Mi hin AH 7 Mae SAT has Maen Whe en Maa sss WE done GR, Med whe 2 Lote 
ee ee ee ee eee pete ast Ribnated mea whe in eae, Lng ok ce AMAT LP LE Todbeh Gtd weet feb 0! OFA IE ED fet Webb td ted gv ediotho More Tot aifet » rernk, bunts s * ee AID a Aol Ti dd bockaanr eee har ‘ ine ores re pretenses! Sats tak aie An aoher x seat Ne dhnfed vee Na prreaths “sociable LA. aT Rarer Das RICA © Bat Aimee 22:0 EV EE 1 Merton Fe Sanna et oh 
ae es a oe cece asap aang Sas LAs dsneh dot one 2 Ao sae A as GkeT nganee eben -co<eeaakae s gcden Pol Sees e nae, ohms detebitond >, Cnimtgh Sa eer iws BAR Ci Packer SB Ah cS QGP SOS RIOR L esti tern eo alta Be kk centig AIR ARN my el Re Relate SSA ctag ane Aten ee ok Meh ate De NS NEN sth dete ate Aate east. 4% ae ir Wes Ce See rere t 
- diaper eabaiie a We opt Le CPM OIG PL MORE Se id bets. or ve & Poted 2 ORF Seem MID Ae V8 RARER bah Tyrie ths A pe OA Fe Coban alka te 0 Sater eee) A Coa! 2 a 3 ohh: 
EEE Saas pn a an rep een ca te ed ol ra EI ge aM is” Read cone anette Can At rE RE ieee ete T mck SSA ee meme aca ingenere aaneeee Seke ag een 
path oD Lith 0880 AE AN AED Whee Ah oe My BETES ail At DED WE Orb eOeP ered rae 20-0450 Mm 6 Hee Bi of gh oW ha haT RS Del OEE AO ETON ey MAE ee OOS eit yes Sy MHF # a4 er gh one ed reninipiee had Feta rs Ra erha! mahi Bey Sem ds. santhe oN erst mye s VedaDigber eee t= S peton ogee WY: Myth? #2 Ode Vaathe Eo Re ailment Hee Bp aM. Bas 90-=R rary Cas Cedar 22.00 MR» Sede 
Deeper eias eek an © co cen asssmeannacast nner ums «clageboniow Socmmamsn Soe Ok urs atte tarmsenrrrecSeegeh mrasinn FaMEllee oxrbee Homa Noe MIRE oA Se prieaed Gates ats Fectbk acl sath oasbah vee IARI on: 5 ath See uty SN RR LO Tn ata bv ah R'E Me NA Saree Sra Nt ektas tact te tote tabciv Gn tv ota OPIN aete say Wes te ¥-Ageatte Ute noon ta AN 
p@ot al hited bene® adhatinin adh sh cpt Rats £ opuateieataSnp dedi act hiibais «ke Wie waa a he Nearer Os tO Seeds OVE OE UREN ANA Oat eB LK Om Kyl eh Co Kettle Cath ON 8 “EH A ot LSU ey Nig He OFS PRUE! POR at Ate REE A PST Oe wt ued fe ipa Hivlee areal abet prce Pete en sbeirdd a Belheas a Rde nd omar lest. Shien nee ne MLM tanh Tal th, Metab Mm h PMs Pome eli inetiy Kai i 
ATT OTE TE ie ee Ne ee ee ree Ol a ee ee paras Cola daiwa percept ae CLIO. FPP ORG A ENT nba IE) ohag nM OA Btkeh Deke Edo Da OOF A A Me OLE Se (Cy) acrangtad bint Ay aD Hh NN At Pe petherney eager at Sat HS hw lpr tint a iowa amie Se dvemavern omy Anta: ALMA Seine tye nmny steeensais MN te Rar ANS A Pathan Dias HA HH Ms AOD Minha ye OA Ne | EMED 
telnet ante Ban eee On NBME AL ak Pech BO 8 nob Oo DR BO? REM Ca en eak Beano cae Fae Mels OMe RRL T aT OPI AY PAM ws. = Tota ehengs ahh nr eettt ENG Fore Deane R Rae 64 tod han A RAE LUR area nfecresuity wie hee Eek Tienes. ei pri eiearh TASS ptateAcen ei Teck sive vir One TS Noam a UNA Rasa Nyy RENT ATR ANS Tae alee atte! © “Capt The hy om NA SUa RE AA, The le, GenrndAy Sm tain PRS MEME cree a awn 
ee eee rade tee ae tote ea ee EO aie ee Ra EME OOMDL GR ADRS a SRA Par ots OT oe inbtpdeenpat ter pm tatdireee Rentnatis WM as Oe Fak Nav aaia bad, LAN aE nse pane cnie Mas gestath ats aA cee MUN LCE SAAS «tae ea Ste RT Ur ake Ne SNAIL U'URIPUD AEH “a8 euarainrderawtetto®, Nove NUGe hs lates Meee geS Te ag ttecea state atts Aan OAL soEitne AA a0 « 
PS Er ee ee ee ee! ee ee i ae MM of Somes neh Med Dah tty WRAAg CSP oh Oba E Ml NRA pet | SAE GALEN Palteh ty k Tees owl M1 ip 8 dk CRA Bal dL ail 5D PAGE ete Me Fetln eth a Shards, Chats eo! Ae - aes em Yetenkats. b+ Mh ana Raecetay. Spe Nap TOI TNO EIS Su) TATA Sil Wn Unity Wem Oat, Ar tareanct= Tee tale my Reva aw 
POT ee ow ye = * 2 aoa Ny Ee 9. PA MOP Open HO APE Othe oo Any Bi. tee Cars Mane pe” meen, pi8 © Ha po Wek ee OT ye Pel, apts gtr fine ath Eb Bn Ste Nie br at GT cipal. tRe Pion Aero tl of peal? So Me ‘ TRAD tas a oe AR Aaa old Re ilbed Lata 1 He, tar = he eth sth he Laie eal 
oe wt Aa AAT Ah oon ae tin BA ATS ARMS APD s Bate? we rane tah Sot Pow as Pha d 6 Reboreta U. satpnrs 4-69 Ae aks. Vote Vo ED? . + orange ANN wt Fa eet nat mae tks Ta ATI 9 Marte Maat Rental cv tabs Bolte Ht Unk ME wont: to! Bark eh rh a setter eld AAS LARS Ty RBS: Mma os NLA 
a eT ee eae ee Pee wee Pere ne ee ee ne ee ecetoonnes Ll oe preg pa gohan prorat le pr abeepshana ma Phage Amy a arms? A eek tsetse, wach as OD a A) aasan teed ere Fa Drape Cees agg thet ACR ete R Ain An Sk Taal, CaP econ FFs Rowse tin maalts BAe AF ar wil hos 
Ee al ares ~ i Aad tra® flee ha Bee threw atolls U2 deat Darbe hotiate H. Baar Mor a om” AD We Tae Rint oth rt Cog te ea IR «Mey -f> Uy ge He Naot 
PA GAD By eRe Lire ale Pps" aig Retr eae Oe = a “= Pay % a Sr eT oe, Oe ee ee acg ta ca aeee set x OH Sirdty th ~s Shenokes IPs LAL ORO: e® ee Ree NR tee Getta es age Se a ey ia hap Siren hg aotea ri betas te Re cre ysis eoletbhee 


a be ole ne a bot dott me - g o Y , 
LLL I AD DD LDS PPLE DTT pee elma FADIA ade Go Fr Oe ORe Glad O MALRMAGS FIBA EO 0k fukn radDe Sener ttnpapget vind fete! (el ip'Ge Mar Furet dees 9 Pu Low Bo ‘ 
If - OB PL Matet 86 tO tg hee PUL, Band" hott! bel Fades gated Met tak Ob Mek (Ray BEML Reh, eT “PaaVice ade CeCe De te Liaw’ Dial Satd Se cesyrtlhpacnt IR ober Nae Utah afk? of — a - (s ow Rio Mes AD Myre EE ltt LiFemias ee z 
ha 7 * To ‘ a en el =" 3 
. * i Moly Soddndn Hoag ans: t-Pnd Sage Med Aden Me BEALL Amy Phe Ba Meh J ne Ff pre-test Et me ger be Fenn as rors thetic ohh ne bod 


2 lg 0 Qc te Sk DAL Sr l-< Mya thar pe tote AW ne lne See UL eee one. Ate BADE Te Na Bae 


api natal oO 2d agit St AB Mind: OB — adh bo eh = 4 
ee Pre neat it oe PETE Peo RS Cp ay nee ed rn ta AA re Tr ee AR PERE er a aM og les tN Ee 
os MA et Ie re - : ea bed ae "Bat Mow a hie of Hide € ttn Ge Id tata Ke" igent Fi. So eee) OY ee ML woe aE ay wt we 
-ipagr9e a arog panne prone 2 IT eran tae er melee abesres ah Rakeab hinting Sed SORA B Sod PAOD F Gott V.Speiletet <dattn Wan vee fmt fs f Pr he oF Kegth oo? 4 mst re Dr Kote Atrer reed “Ere Bt Rates Aah Ad as FaS ot meherenthe Uta Rerieny vie now ease Ate heed oter sponds brea Codi enrappeline ape DP Asby te how Ln ree tA As pans G's ate =e LAN VR Ae Pae 
OL Patel catia eee te Pr re AEG I Ee eneee mee repens ber Hong Me os oP eae oir aoyarairsamtned’ Sigh re amterGDA TA dye 2 tna 2. nba Rede ovetns ese ts © FeNbOY ATS peel IF inet SF POPE ; ree Hoare errr geri: eae VA ed pent ip tsi te 9c mae apt Wear both es A AA, bone ere ay % Rr ap Cetenaneecamhy Ap SQ Abas Te Se Were SNM 8 
Sead LEP hin ovis PPAR mn eba eea? BUD Dae amas manatear the odes a EM A DPB OG ~~ 2° Blnide ONilof. Ante tteVesedaheT na, Fue 6 PeaPicted Faxcrsbetett neta tl butt Mat ute Whos 7 lone ey ee! Peg ee a ee Aa '% % Fea DET a oS = Riek Ce prenats A 5 apap sis Paelvcaaiis aayery Rita ee et kitty yo ihe dhe oe Meh atin ys = Arie PF h yi de RU Rte Se Reg onsite 
Pane BaPcon tal EP amma. A PPE wie-ctt Boe taal ade F210 NE RB A Se PIL oP Apri Foe on PES NLA AK AME AROMA TR NGS — Renae hate Iier Rela e Eid lets ho ieg OEY Dethe  eSEL ADS ase rsd oa Sithd nie MeN, Senn TRA tal tee OL sem D AVS cont NEN ait Rape unsere’ £Ur Se Fo ieceradap nara ateee PERMA DRE’ etre eet A. aig ee tat ben bere ee ll A Atdteg = DADE Pact Pate% seat h a aelin® 
te eee ree aay Fee bay ne ee Potent Ah feat ol =0 star = OAC Side # OEP ine Pip Pa hd WAKE Fade RAR © 6A C4S bE AG Me Ce 0 Parco 8 PAE perk ben ON en Oey a 2a tela La plate \ caktesete NelyVRFcNWne LRA ad, BM WU Lamotte “EU ent ppt eee ye dig Gre Opec EP aye ire sacaray me we hatherts hag t's 84 DHT AS os Me Ne tmn len che W 
POOL, er age BO BD 59 CG ad MeN aied wer ah Bi Mat LL aE Oey hare agate Tama MPS Cas RE A AP aa badietad oem Rien fal eg de Ae IU hs etnhes WHAM Swe Beek A me BU tee ee! Tete « See 8 Gate ayn a hen rh tary Ms tab TiN e ANAT Rp nea igtdieg tgs ee rod ete eee Tnah Warman Ayers Germs echo nt banstag 9 
DES rg eset aarp vr aon ee aro ian pied relay ary ae ee See See Sa i an wet 25-0 Ok warner Aaehin le, WAS me MSC adttfe nce Sarutt forounte Paavo nga te soem, PuMbatse sumeses mrmecrutet SALES LAS Sen abr, AA rary a BY Som ene ste) Degtbe tener ee hahG ew holy te 
= . 2 ‘ = Norte ohne AMAR ae QA OAT owe eR ASE > AMAR Beta YS SHEE Fon Re atonal Bae tel arty ete. Aarne” 
Fhe PagOGP Lgl mt AOR gO ten l DO Penel AF Ot Nat PM Bat ef Poa 8. tba Men ee OAR AED Co Fk ieee Brat tibial oth chao Beast Nem aa had 9 Rant Od Le LAA ANS atl T= BAR ditad Saba DR AT AGE ERA Be V- See TEN eee en ear BTML Tn tee A, BALMER NU Reh Dales Lek ot mae te Me ten RiaRaPae Ha arraraeseh Abe Weihs Mot AeA ten ES Amen’ Astjiashens tpn Rarenene" 
Oh ante i Lie DO> gi-ateanhey Sets re eaP dee ine melee A AD Al elt Pell ean Ath ace Svea n= ORs EDD ee eS A ate Dade patel RA oF Ant Bean tom Weblo’ & nf Dye hig. thee Sep nde DETER EPONA afl UTRR Macon BRAD ALY Pest tn SN Oe gE Te ene Genieeg teats Ateabe etn leley Lae Renee's: Rofen-Nsteme ener ene ANN AGEN Niner Ae: oe rmin te Ae apr Se he 
galt ole AGN PI ool whe (EN AE TFT OE APTOS pre Fonte tel oh? ® aA ele eu acecaaa teeter ce ae PRB 6D wh heb PL Pete Bor” ok toe OT ARAAS: © EIN C82 Oh Rafts Sens Se ve~ Vadedt aE s ™ OF ae —  afR ONG SE re, ee aa eneah epi tiane trtaeervtatieg 2 Ye eaeg ted Tee RS a Renn Mal tthe yes ol Si fete ternn Ay rte 
: ‘ : ; S sae = i iat : hha easter? PA2 0 @ " poe ee ee ee ee CEREALS AIR ast US SE ett hy Men to ty Mas Perey, Tyee Mpa SM larg a ve en 
Oey af F ef Wier Canad eityeat och ee ee Pees oP RA? Dapicncbat ester tases rio ten Dr noe tay cans eee cae thumiv 4 Ain de\ ovate e olla? Jo ae RF BP RS utah ted SL I TEPER wel PB: LIF Hoehne oo ee ap. ancy ee aaa nes ARCA OA ON Nal se Tk DR AAR todas chard tae o¥-t S9 Ovtip. Bag Me Rg Phe il wba an tesa se ge ed = 
ae? PO ghttnaehnt t andl Bafgaean? Fia8 ot -Piaee eS vata, bo! namneds ae irp eh marae eagle Soap peser hen > Wve ies PP ARP RS LO 0 te Ft Pe 8 Oe Pn pe ee, ee ee ee ee eT a eh me a + ht Teall hie . ua 2 Start a Daehn tame Realy Noches OAR Mery ©. haheeragtiais bat ote Reh: ee he Mo rhe ka toma a, Aye Rams AAS etn Or “08 Mines tal artiar an > Aa Rone? 
Sg penny epoch car wnt edi eta Te yp rir PRL poh St i pO OO ARMOR ay EP TP EAD, ee Be a Be Sh ty ir erie Bake fb. gh feat et Aid Seth Aten hte Babe FAROE ANON eS Ne Meee nee eee act ina acearas mse emt tnt Qo: %y Minas Betpariate tact WR S Fahl ata imate 26 9 astern be wath Jew be ete: & crlharb see 
SF phere nd atta P Sets wha? Risa ae eB ge wate Wael Am Stel” Renae OP AIA Fo a enna oabakigede ey Te pala a nN TP Oa EE A LC alg ony ae OS ALT A ey Teme AY reheat er iat a eer : Rata: \ Mestad Robe BALLAST MNMct Neer 0:28 Reg erin Yo SEY oy 
ry ; : ‘ CG IAI? O47 i ai enee a, Poe Pe eet ee Kp. fps Chet OF cia ant ® Bas eK Pe BU Phare Ae pS d Ltrs he DA & he | aN: Nets el tetris thi ihe LZENe aon ss op Aen age pte, be Hoc in-ear iene the LM ef Poca ey Soaty cuir 
Sep aS a sR aie nn Parc nn a bane as ee ie tt seb a id i em rete Ey NN gt age Pe eats, Me nanan peo et a anne Dae wane ens eet cca Ce eae enreemeae aero OCT E 
NA cl caeatet MANES PA Benne Pam B.D tne hae sat Be ial Oe ty ai Oe EER Momeyink eM aha aoe oe oe ee on Note gS, NO rc Heath ed pap Ue eg Fue focktearest pata Mecano 0 mean tastagttyDuBcmamsSedy Wt SPR AMS A oe ‘ Sar el 1 ardpenttar® Nate uslgAas bole Apes orca tert gece aMy Moot % hee pany Seka ne te teterQiniasia tala thats tstr in anita. O= My Be Sis OAePE 
pth BEAM aE AL = theres 8S. Pet CORAM Ma Bote OO > hb POD, wll ona PEER AP pares hace Foy oF Ch 2 wos Babe F ore. ak ty ME. Oo tste™ Oroutey Ph detetoduend FOS FAG arouse LEV cite anh ~~ fy yy a ee ee Pe ‘ * IDA Te tateB) igete Pet weed” ~ th teodilantahi-aineted eee ee ’ ea sape te for ts tes ae hs ang Ve a2 ty by Sep feiange mete BA has Qe Oe LAR 8 We Vee ® med EN MO Matip Ute Ap 
Scena Gl ipso arama an ugeaua parece" om casmtRernpe uel FiCgM Caos aaron ok capceseb oo 3° ft Rie tine ie dre warel Oel  mbafateeramde Selo tnpentadeteteie Aetedieds | Rasale g° 5" PuesE.LW mst fost the gooe efn' € eee ne PO Ar arta on ny rr OS ToPL  ans ceaeer ape a nie -taripe fico: er Sprite. preniorinestrge Se Ge CET Soe te Co baredallatie. ame tha heats ee RAe Nghe Be SARS Mvin ts mans ye NT: 
SS aeghrampuoce ob staereDie® aurensd. GRaweoredacOd aE ooo cat AAO Se Pais Seri © La hap a nS bye) SEs aha S TRA Mate FAT bs Deptt sin Fh OAS rareeras s SF H0 sea towint peter =o gui heaar Pt wi zedeshera Sy ork na aymtesses Se + pyr te aiete tier necator Grit “Ovi er Bo eae cant ere Rare tA tit Ras A PRIAL S mara serie Bs nly churn Se tole Oe aA eee ers 
AAP ane «oO T ist ae Ahe EA. tt SA AE go the td oa Capmap bbe ape ty Cle ar 5 ER on Ot ae ee ecg Ce * On EET I Piatonhins a Rota ieii AO 0 fact tte VON fas a AME wea Note oad Meta a NT ri art : ye He A eal ac kapte bests WON esphiite epi satin Hea Dh Serene. Moe Sreahbeassebeietin nuzahl adele 0st beet Ryite abs Wy Ben sical AANA Se Me 
Cl AM DOG LE wii Ol Lk DAK eDage et OM eF at © be BO cD PA 00 Hebi whl OF D9 DDI Lh pa ri hres etree! AN AS MRR — vePim insesite Wades as od ef © FRR FUL set Vat Vhs anh Vents Wipes + av bots lhe? ee ry mn ha 8 homer anagem Ny ete Ney Desa Raliciatte 018 Asp tes a's masntet- Rebate davies ARI Seat Pea nt R M Mstnn AR Maermarn ine 8 = 0A 
DP are Ais AP POL Ba bn ABIDES” OEE OD oO Cath ft © 0 LOA MOS OMT F apt C0 Aig Ch 0b 008 eet A OFM BBL symoss DEPP MeANeee 5h Cutet we raed Soe ela eer Ee Le het ee ee ae PRAHA N meh Pet Une Meee es nN sly eee Me stp ninth, Bn hota toy Matar inet Ret Ay tee POR * eA Neag MwA e Se 2e OM, te Re Mpls en tg mee Aa AR ep Ban Rap ra tna te 7 Mars “BE 
NOONE Cebeed ga (PPR MAh WEA clare, ef DOD tof deega pane Oto O9h baniotes 0 of Se ee ere ae oe ee a0 ate RL em Eat CLUE Podhish ates wt fue ws Sf = = + Perera A PILE BN oot BR Awasigh Sey * -Methek ann % Detan, ase neler” = ne bike etka Ae de Dap RAN MAO aeNR Tm Dh Na hog oe Ret Re -tanste tg td NO sate Ste Tn ee ARP tang Sindee Nalin ecsevetn Gee oe N net 
gat. Bip Prn le, Ea PP 8.0 LO aoe ay epntaM ms AD ato Le sens) oS. sacs: pee pe oe eee le Am aod F5.0) Pet Lee HK ws Ate Sete dyen ns © oF ont hiotess th 4s ef 8 SoA names, = AWyA- Ra SA £8 ys va pT EE; Saharan Ayaned Aina ination: Me Rack wns ences’ Be CP 2 |e GPa Min 09 Nee Anta in hs Norte pe fieall.y lay tej Ua nde ht hy que Anai’.* Be etter te te milano 
rob Ane AeDe SeDat nee tt Aap coneg Aub AO ROG Geeta ct wane TOGO dP Ren Oi ee mee nt Po geen a 9 ET ay RPT san ate geo PO” ee? "eK clin natats tare ©0al hatee o= 6S) NOTRE ON re NS cue Nonna recaeaRetone ca Mamet ws tas AITO AROMAT: G80 Pg eeR SARA Tale, © Tey Re ete Lin Aan “BR Mae Oe" 
PDs af ee tend Ait ae a ee GPO A PL ok Ah BE Oe ochre apes puna ‘ ey tli aiabege BP ah FE Od ni BaP Om UE at AA ved ME FEE APB © FONnfan our et OF “» whe bees eee 8M A A ret ve + att Se heney = patente eg SE 7 Tetetape die Bees he 4 fe ener a Merge 22 Ae eaten elle “SD Th Geotees Bev AM Net i Neg LR Rim Ge 
EO FP ae ee ee TY ee age ncabacaaes alge hg apg oe 3 Beta angen Mindat HE 0 Pee eefaas” # eof. Fob woke deus @ # = 200 fo at * er ae . sae Rhee gt Fam te Aste Ran th, rR NAT eee & ~ atv wi " ay Legntipats Seale nae wenn : Pa Se Ante Dy ales Af Mat pro Sy tna Crete Ne tat feta et 
. > je wr 5 — oof Re, ne im =r ' Saat ale Jee as tte! n oe % 4.03 Fags eee Ute oe typ he Ns Mee edt Pe Me Me Fa Nt ee he tae pty fy Dee Pie 
To were RO Fo ca AN Rg TO es Nene nap oapenton nates wiht ma! Tne ratte WR By Naa Ung TOs a ae Fa a Et th Say Ce a aN NE oe Ree SSE abi aren Te ar gee 
dons Aled oe * ohetvar oro Otto fot teat ME at Bat OA BAG on 2 fh fon P i “= = me 5 ota os a Peek, he RES 8 AD. MeN Now NS cagA Pt, Bugs berm, MONS er Gta, Abed =" “partite : ® ee 
BP, 0 OP Ln OO PCP LS wh abe S ANAL. HOP Pe. a COPE BONA GRO eat OF ache OE eBoy o> if Paes m wt PoP fuo- F + 20% wh Ff Foor om s % vee - We In eet Oe ol “Wks: 5 tet pe me nc heRMa te Bein, wwWg-B- Le Pep eas Ae tan Peano Rls WAIT Ge tates Bsn Mtn wit 
e 2 = - - “ 028 PME Pete PM PE Oo ime Aen —eh Vet AOS me oe are) ws ot = a A we ota avy Sebe ro ate tafe tnse 9 Wh Ty oF mre ® Aeremeervgttn, wfiviverhrnstt ‘ i Ra 
chet aneyprony Ga one pan A paperget eens at ape aoe ol he Caseabgperge Pari peewee ee wend eo ag 2 62 Nome me iSe rae ’ _ ae Piantels Ts aeae Ts AGGice ea Bag) Pes “ we Ae aie ks AP eats Wee oth ae on oa tokhan oe se ae Ree rapemaptapee re Gee carr Parks Ear paris ge re Ran anna 
=. ¥ babe -~ « aaa od CaF. Dn dellto nt 5 ae ‘ é a o A ere Cy ee w * ase as a ~ be Py 
TE tit eee ob eae Dee met tact oa Fol cope PMO hemes abt wal tigel Ss asi oiecy lee Drea ae = Ags a eller ee Aaa i - peu cee ee 7 doe Apfatts %e Swe x AN am Rie Wn ied He tweal wile Dt oe Oe nD oe anne cose Sam ati Renee BeNOR AY OO SS nero te 
et aes a? ot” OOM EPS oh AOD 28 OL BOC HO” Zp Oe «ob ae ae ee : i Nth 2% ey ge Bw Cea ine tweet Mo wet Ba % mbes ee Aghia Em CH Bee te ke athe . ne 
GeOa Par ate PP ad AA OO OL Mt Moe at ae Fe peg reocrme a Wed cd cael 2 ees nh e bo amen AeFed mee 8 feat pe fet wer FH RT of een ev MP Et ’ can v re Some ge 91 wt Padus ain nd) Dal, $0 Me™ Oh Beate Mees = % te, Path RAR SS Ate thaeP Aho Re Min hyp Nba Maya Ave an Repo ms 2%." Tan Ee ES Se My, Bey teen Herta 
9 DOSE 08 wpa tn = Pn ate a hl EO Ase We Erte = =F ot ee area tire Me. 28 bed 0 wth EMS 6 © "8h = Pera ee cow-d HRAed a wy ue ne thet Ae hms fete 98° alot eM OP A ea Nee A thawed - *. oe m" Medal Rote ee bed yA aD eae tee = 3 Bee ae A at Ope a Set ant 0% Ae 
- a ; A a eT ee ee ee ee Font nis @ fe @ ; « E - ‘ “ os weet 1 wt *titaagt Ew Rar Nhe, 20%, enpMestinthe, bere APs S OETA OT ws Apts teeny e ~ : = 
persian hon arty ets peta ncn we sare geen, Pa RON Ged Soa cnr 8 Nig oe ba A IRs STU Taam Sto es ee ig Toe SL Re a NRE et SS Vihee saat nae ar reg heen aseeenanaa cera eater ee 
~ e = iin e ho bad oF Fe: at =! . le + Homing @ Proted® © 8 ong = P~ er a = — - a J —' = * a aw a ceed ve ee a al * woo tet a ae = “ - 
ah toa i pigthon ane Viger oi amass wate NE Pe et at A Lin HePTe. POE OO hg whe a il arate oe ri P tnca ee i ec reneaie ; a ae oe a aerioete vag 3 io ae ela “ ana + om a ets Pi ete x Pris an Ft Ww ek wher Deen 1h A Doe a2" ae BL eo ewteetighan ty, he rears Ree EP mee a inne aa, Ten’ SS eee tte en , breton 4 ——— 
eM Mine” tel 2 atcal pn es ra pea 8 pea mers Pokc ted abyss ang ers in Pls Oe eS ee kee ¥e - Sedae om ewe « fet? r fue" on ee ay Fhe eee of. 9 T Shoe ‘ Sroge™ mm we ah ~ oe Reps iereik a — me p= — ‘2 . aos 2 ta arta tet eae sreeannase rs wee te mo May Nae Reh tea ten tee Goer 
“ ~ Ne © - ~~ a s & @ = ms ” * ra = ar. ~ enon Ne, ate > ~s = 
ed So Acree yes oo Dl priate veyrlygin <7 oa te ee get at vo oe , epaios Rg gpd ph para = om aa mie w = e ea a ae Saad pe me ied —s ¢ aaa tas wae oom oft ome he = CY i - eek ah Lin = aoe ps = ss oe EE pK a. www actin A toate, RS Yarn Ya Perl Av Be <a Aan eat nd aa a NE Sana cee 
* vane , - = tO 86d PP Od Le. oF 9 CE fem Pie OF .t Ge emul wie 0 £ r e s P a = ve on we aes Bure whe, %. edna b —™~ Haze, Rymttn ene A otal ge PN o> Ngo MW erties’ iba = Pinte eS 
een oes AT ses cacee  Fetid Pilon: vaccine hele °Pamre Atal oF ow t P +wutt ODD te Pah a aae re we a Pea # ope = ‘a ie ets ° a - es Set iatae aes x “f Ahan Paes. Fi Par a nn ~~. : oe ot me > ter eter © APSR eee Tes ee Mtoe hella eaetieth ee eee, we" ye Se eens prior RAs 7 ie tagret ree Cee Ge repeats 
aot ne PR DOPE EE Benne wht Ore abe de ot Cote El Pn A wl abatnn® Ontites Nar Phe OF ot, ae Pe EE te PSE ae oo ae oe Fars 1 pre ee ee ROT SRN Rete Wee tle P= Brn 7 Wy Ae te RAR cee we anes ee pa Git o> ~ tiple Ss ae nth, tas 
DR Tae nn Ra nD eg rng te weg ee eta an oan tecetne eat agi WE RNR TA owe I Bn Mea g ene Te rr eg SS a LOR A OSS cectentew tee wed: anata steceenc tA, ARTS ORT emery ge ete eee 
a as 2s 1c © mp bie of ee a aF  qutten ae Ara, =f : J T - ae ~ awe = Ore ot ate aw we ene . spate ~ 
~ari ahd Pot om iamteetd On Cael 00m — - = © Ginn pet, of Ao a wom wet lil hid Fup ee erate e “ i a oats = pipatin 225 = a ~ eo ie , ae . “Sale ms os pe ae pane 3 oo . ee star cg wie i pt ‘i a ‘ = . a ry ° epee . Bader og tao nef = & Jpeg teres ee 4 Wee he nF ys 8 Re ety Rotate veer alin, Be id sea GTA 1 te nag gest 
en dl ote La "OM batngha® of te BP oP e oti Anta oF id Pa we ee Oe aro ae See = ng ay os re a F- m eioa! i : Pra. se a Ba = = ; ue mo PRU ehh Sere HR I NO eFQY Hs fe ee tn AU tall CRC Ry Tennant Rp tm atematle ee WY Aunts Sw 5 ee her teia tp art 
OMe te red i et eMaretes eer. einitel - ar ome eee Olle? we 500 2 aI Me te WR ning wees wrEnhe 99 pabnlane wolfe a ¢ pau Fuo.f =tae i ed e E fo nm rs — te nie a- ” eo a4 we - = sei 2° memes th alee “MaNe teen teitomin Me lanl Gate te Rote pis mates 4 utastie SNe Son Moaemsne neven > Rt seatintes ie inn > Sete vs Se 
ie enete Ae ale, ea ete ise wee PB wt + - wer a Meteo Mar | te A etee Sela A mown t shapes RE OS " © a me ue som OY aCe ae ave ow le Ale Phy “E> oy yA % © eR DW OUED Wynde Aon tt eter = hr tener Pron n ewe Sele eh Ie heigl — erpneielsss Paap lbelee tm Samy kein ton 
ll ad fa reeled a eed ee a ae SAPP" ota a, ar gthar cit Ott Steam A abla Raga T elect acd actchiak ols £ ; - - ; See aa 2 ae =o - rab . oe ie aa 2 wey ee Newel % terete +h -he te © ets Peewee Ne 6 tet Renee 1 Refegeae Vor te Kah hor ate ee aera tiie ay ate tye? Se ro Se as aia Pegi Wy ete oe Kota NO ba re 
Pet is bl tenes pan open legs Cel amt ee Aaa ter etetets 6 TF eee say one oe Wheteliyirs ee Prine yo Mae tee A A di Ep isi sian oie ‘ site ™ . ae pert ae a TH kee RE VIM SN ed Ae Be NN Me amare, | Ses So orcs tan BA ln eae 
ate ewataculentine neta ates 200 oP Barat So ot G4 8 SNS o ewe wht AF ckta, Sieve =) Pee i eOoAaaeS) aid Pig So ee an ce ihe ate aae pees ee SS ee ‘a a @ ate Rat, east, nee ab ww eon AE Fame. Serta phe Bar Gems taller Mins Bee teehee! Ae nhy eh ABe VeThsiy TAFE, MENA ¢ Memes SF 
ree oe i ee ee de fatote C0 PEE celal gtdlaltn ae OO ; at ates ee sated = fasta: ¢ ee ? ea = al Dg Lf a a Lier PAs 4 eS ee ee oe an ee Oe ee ee ee adap ee Ton Mods behe® bani De Wet hy Aa! Hy etn 
ine eA ePetw. -& O ha wee inl eg hte satan OE ee he AAR Pel Sune s” bar id Satane a Sine ener me nN? Pegi “ i meet Wn a Ye tne tnt © ° Bren oe) owe aren eee eee eS BR aeten Rater ete a etn Ra Me me, dinees neh. 0.0 Oe tere 
$ mt 9 wt Wale mt a oe Ct a ee ee er ae eee ee Can tte Pia ODE a fy © P - a 1 = Rey AS erry. wee, ee: eee a Tee ett temalin eee Se, 8 eae Soe Wet ote Rtn Previa eds “ONL Onto 
OP he A hee 6 REO Ee eat el A On H® te terete. Me: Sh or at Pain phe Haart Mia's se . ve <5) . “ae Sed pag. wt om = i ee ae eet rhe, = 1b eee hg tyloretbat Te Aaeels ote sesRe ly? te Le Annie othe we ee eet? tape Witte trte 
Be hg a Da pro Die hes ae A tern 6 tomede Se tm OEP of Le eA Fel « ne eats. a, on eet ‘nilgar St me z ~ once. are “ aa > Pee Re De erage wantieg MATE PRR RR ete We oe pee em atin Sy we Matiteintln, <a atetet  LfteSer 
pel hath ctnadl ainda aioe hens deamre sed -eearmraet reat Dera aShR odie Pubag 2D > But tabsoO Lae tub tas we a OO perwpae-- ere! a a oo “a ee w ovate ate pers cheats, olaf™ Sep fo cnt te reeleR Seen ey ve sania Ls Sacral ghee 
ceil ee Pe etd Se Pe ee en ee ee ee = ah de tanga eF a eae pte, Ap * ae IES - at lave s : nS maa ae wae ont tet See ee ea Fk Ne ears 61: eltelenmtonh Sie wae eo lige ee TR as, eet ae tn Menge ees 
we att eo ae OF le ehh pa oO IO Pe = Mgt ataPet Nl BO AeA ate Arete s sot otek, emma a hag ¢x@ - Ce at a mel peed zs oes ete ee” _ ae Was = Re eae A.=A- ccttae i, A ePate seat an Regt Sees ante Ten Arete ee em seme 
"aot ate @ ve a & Rete. oer le ey ial = eee rit pee it are ie PE ei ~ “ PF com oe Art - oat - tam im a - ee te unk pa eer rer wo \ ate a5 oe a en) eee ashen Gaves. Ne Ce ee wie x 
weiner” Ohare Beech * @ CaQ eek = O& Cente Fhe Oe MM al Pere we tH Wada (oarartedl) dis phe pry ay pops ie 2 aesl * a a es “- — zs “ Z 7 Sc aen Parenti ound anole iar P, e es ee ewe Ow ag ee woe eo? Sem, tohe = 
Oe oe ee Cat ebef Rael me se FER Ma My Pa ’ oh ” oa = lier ai + 7 a = J * aes C - = =f “ = lee o oom ub AE Pre ade gate Be Gabe hen, epreere ue ectone eG: te fA wot a igpfen earl Furr te Mage Ran 
tn Pa etter Be Pat eae LS Me Os Gree Puta LE Pee at om dW Tanee eae / oe ae < nae es i <emeate Uh ie os = Vie) aa ate » ee Ss, a . - Ame z See ae eA aes Wed. Rhee PEGE UNAreretenty afm mem sonar ww — feotee 
rr I itch nae d Aiictta oped Rak een a aad tadeanegehetiond- dingy Aaa a ae eS ages Nee nee kates se: ates - a 5 ~~ ales a Nt” Sree at am ~~ aS eae Rum tere eo me te aitnan Ee fe Ae tee aero wmt 
ete Whale ot mle PO wee Far th Fa oN man Se ee oes dt ame = nr, PSOE, ak Ss 7 ae 7 sei puaiog! me os wie on x eee ee ry teen ye terns Ae Se op Mabedlatd Seem PF Bean Qh mem -2 te% we eon Aa Sune Wee by 
Mean a ate Me wgt =f a ear eA en stigtias i Be. nae om x o om i or ” eat tm FO ° wt a ' . Pre - ~ ; = wan Sap wet ty soln Om Nae? = aa™ ue OM, earl we Bue, Momatecee ety Me . oe Outi 
ee eraP ates oF wn Ie ma Sof om of wat tee Lo rae 5 cis we * ace ite ‘ Me — = ‘ z aA . as % “> -@ ae ow mA acs Sereno saa op MyteBebioturme vee Eaten “apm  Sahevn Wwe seem tt 
~ =a ae Se - Fe at Sarat. Oe Ones ee Onde terol A a5 ate co = 4 74 tu . | ven : as = = z Ar ri DK ce Ky Nod Ra asters Sere VRAD Ne te ee eet Ae 8a ern Re “ar EME win Que teen 
See pete) Seen Stet ate Paton ee ee eS Cie esto @ PP , =. Ee oe - = wate _— - é % ad pore “ . Sec oy NURTIES Cras =, @ a Wea 9 yoeee ete) Cet em Ne we nae 2A Mian dome 5? mn a Tan tt 
iting det? ane Pyar abi bal alliadand mete ce ne of ad method Peay eta < a : on ting 3 ern . 2 Ate are re re telly a) welwee Sh Wate DS divine! Sa at 
0 we a tee? oe” oF ° o> wy ew at — we? © ud = i -, >t es - « ba i 4 d P tae et * £ ~ mia we ees ets Sea Ceci l=| te, TS: aor hE or) ee ee et a tard ager ~~ «2 
Aw see * | “ett - ee ee i ee ee Pa eee 0 eee ae %% a * oS ay ae : i ail a oy A Tae we Fee ea. - _e BA SN Ne Re re ee eee 
ot A OP lt el o- a ove ete mee tn ig, ate "~ — = Py Pe oer ' Ar : Fd a . « wr hi - ~ . . rm. gee ere i a = ee ee yer * “ar AN Seas whe a Oe fe te a 
tad =p = «et & 0 ont she 8 ete ie ae whee Poa are tales ae oe = = te fe oe eure ow = Ad - all i * a - Py ey ' ny ar tae own er ee af, ey lan Ra Cae Og apne Be Mee Sal hor . 
aay ‘elem ae F ere mute bed boil we - Hn ee Cae =f ene + tase a " it a? - be Nae Pre . * —-< te *e ~~ sp natty Nee Wee = on ap " -— Pam ae see Le Sete Pee Te 
wer = cede ohn FO wt oot” cen OO ethinwe Oenr mn os = paar ; a = aed ade i> pd a wo 5 a awh]! ee OR ee ~~ tte het Renee ee wom pawrantag? 
eee a ae - ed -~ ates ott = ‘a ak Pee, = Pe r $f tw 4 . > - ote 5 me = i i aay ~~ < are a ~ tr oa ae Bee = me Geet Ys Ge ™ 
Che ae we r « “@ teen ov ate tel ame * te Pat a ss a x ae we oe nat af 5 3 fy ‘ we ss a + nwa Pe Ine ey oe Ww ~ err iain. Sean Ce e Warne Wee ete as get Aa af 
e eames oF le eae F ante « are e PR ee . are at cae ms ee bd ane . he Stes wane a aaa - o mo out ae wy an ee i ee a tl > fe te 
ied eae ae Sates id orm = ° are ee Pa ke : aa “ cS ~ aa a= ta, eet ae ete Ne ete mtn an 
as “oe == Cael - Cd 2 ee Oem gh a a ® e Bes Ss r s = . mae waa tet ate ts ty tye whe werian & arose ya “ a el \ ee Balint em 
. a eal “one - et . = y a ee ae a feel ae fe eo ee NP OM ae eer 
° “ wo me we fan are we iri sg adie: case ae pees sf : ” ~ * ae = aie ‘i ‘s ake u di: . a bie: ae 2 ~~ eee tee one vate a a Ten ietetale he 
- we = = ee ae ‘ ee e —- mS > ae 8 a ca nd - > A fe : ae. = aie oH ~ « any : —- oe + «te oe Mees oe 
sie ete) sic Pe . ee ee Hae = = o € pe a“ “oe . 7 ae — ie Pe tyren saan ia OX ® mA ewe mon motte ate wale se - 
sabe "= « “7% wow - eS ry Pot ar it = re ees ae a i i] Bey =08. ~ er oe ee Healt aay RP » the mow he erel WS tn aan tie @ > Voting 
Cutt ww Aa we Po ee a o - cs epee pate = rs - re. ” “+ i . cs thane oe bra (Nae ctietts Phe ea os wite te ane = my, hy ee “an ™ at 
tO Rigi e° o _ * aa wae baste . ter nie Zz awn ale nd = ate . s - ; ‘ on ee Po gee a —~ — stews Pome Baten PM rate tee 
° . ee eee ee ee ° oo i Paes ane paral ™ 4 > se - -_ = - : i % J ae Fe ESD =p «ta Sake b-side dieaniec ate reiniaies ip hee w~ o% 
oe ad e oe Pr’ ae Pee i re Pr = e = = we onl awe a a ee aa My ee . = a ma eke apne 9 Merk Ac wit «eee no hw? 
* as* ys 2 “a w My Pad . ~ - é . rare . = at # te Sue my On nen me Ra a Oe Magths aati 
- sera ue Pe WP et gH Pars a2 a = . ue tea tor uh on ete or v mae nee ~ ast wen os 
a = 4 ~. Pw, ae pp ome a fs ps pare - oem eek rm a ‘a ‘ni % 
sa - $ tty *. = = & > 6 -y - ap a hs . s = fi nas alten tony . e » an Pe Pe tee ote Me ome om ~- - * 
oe ue “ an = Pe m 5 = mare ‘) e ree — => BAS et Retin te > opts - - 
eas em. * a ee 7 is Sern « bead De a . ° exe ahh we ot — as e<% 3 F atind 
“ ~~ a ot e - _ - - © s “ S igi £ = « a » me =e méey , * eo tay Soe Annet nn ee a 
- - we ~~] = “ ae ow = . = o < Py et at le w wn 2 tar ae ee - 
a aw we . fae « ee = fe is a. ~~ = te. — o 
- o—- onto ~ om pa e Pt - ; A einen 
fh a? — - e ~ e 4 ' oi , ee ae a Te = . oe ee —-_ we 
mene oS Fa i = es i one yee Lene 
a hd = : <2. oo he «<@ ~~ e& +o “* =~ 
- ny # - ry * ’ aa . a ~~ be = 
» w= Me - m et - - ae oS - 
- » -. a Za Sled = ed td ~ i aaa ere 
= ead mee 7 re Ld “ <> — ~ 
== bd - o Bun - os ea i i >" od vas 
ee ot - w20F - @ a -~ “Se - - ra SF * ‘ai 
. @ < = - ~ me arte = 
- = “ ca ” oe, - - “ ~ # 
s . ° are = ae Y a a > bee 
a Pa “ es en . 
as Ls - oo .s 
. 
Pies - = 5 7? a ae ne Res ~ ~ 
- - = ~ . 2 a iw 
- * = frat ” 
ten i wee * bo 
‘ar br! = oe - 
me = . 2 = 
°° ee . 
~~. 
a 


ot 
x\h? 


pe 
eco 











NAVAL POSTGRADUATE SCHOOL 


Monterey, Galifornia 





TRESS 


DESIGN CONSIDERATION 
FOR THE X-RAY CERENKOV EXPERIMENT 


by 


Youn Dae Choi 


December 1984 


Thesis Advisor: John R. Neighbours 





Approved for public release; distribution is unlimited. 


T222033 








SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


READ INSTRUCTIONS 
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM 
ac eal iid liaise ia 









5. TYPE OF REPORT & PERIOO COVERED 
Master's Thesis; 
December 1984 


6. PERFORMING ORG. REPORT NUMBER 


7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(a) 


4. TITLE (and Subtitie) 
Design Consideration for the X-ray 
Cerenkov Experiment 

















Youn Dae Chol 


\ 


9. PERFORMING ORGANIZATION NAME AND AOORESS . PROGRAM ELEMENT, PROJECT, TASK 


AREA & WORK UNIT NUMBERS 
Naval Postgraduate School 
Monterey, California 93943 





11, CONTROLLING OFFICE NAME ANDO ADDRESS 12. REPORT DATE 
Naval Postgraduate School December 1984 
Monterey, California 93943 St 


14. MONITORING AGENCY NAME & ADORESS/(if different from Controlling Office) | 18. SECURITY CLASS. (of this report) 


1Sa. DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 
16. DISTRIBUTION STATEMENT (of this Report) an 


Approved for public release; distribution is unlimited. 


‘17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, if ditterent trom Report) = 


18. SUPPLEMENTARY NOTES 


19. KEY WORDS (Continue on reverse alde if neceasary and identify by block number) 


Cerenkov Radiation; X-ray; Proportional Counter 


20. ABSTRACT (Continue on reverse aide if neceseary and identify by bfock number) 

The feasability of measuring Cerenkov radiation in the X-ray 
region has been investigated. It is found that the experimental 
measurement of X-ray Cerenkov radiation is possible for the carbo 
Ia eo oe etey)) aluminum LI (87.01 eV) and L2,3 (72.78 ev) 
absorption edges. Measurement in the aluminum K (1559.9 eV) 
absorption edge region is found to be not possible since the real 
part of the index of refraction does not exceed unity. The 
relative power from Cerenkoy radiation has been calculated for 














DD , Ae 1473 = EDITION OF 1 NOV 6S 1S OBSOLETE ik 


meee O25 brs OT4se2 011 SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered) 


a pg FSS) tp 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


the three possible cases and count rate estimates are given. 

The experimental apparatus for the measurement of X-ray Cerenkov 
radiation has been redesigned to allow measurement of the 

carbon K edge and aluminum Ll edge. 


An experiment was attempted, but not completed due to the 
failure of a necessary preamplifier for a proportional counter. 
New design considerations are presented here and incorporate 
changes to avoid the experimental shortcomings of previous 
measurements . : 


SN 0102+ LF- 014-660} 
2 


SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered) 


Approved for public release; distribwelom femmes ca ; 


Design Consideration 
Ou Ene X-ray Cerenkov Experiment 


by 


Youn) Dace @hei 
Major, Republic of Korea Army 
B.on, KOrea Military Academy, 19/76 
Boo, KyvaneguPuksNatienal University, 1980 


Submit tecea if partialerulfiiiment of the 
requirements for the degree of 
MASTER ObwoemaNch IN ePAYSLCS 
from the 


NAVAL POSTGRADUATE SCHOOL 
December 1984 


Y 
DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOD- 
MONTEREY, CALIFORNIA 939 


ABSTRACT 


The feasability of measuring Cerenkov radiation in the 
X-ray region has been investigated. It 1s found that the 
experimental measurement of X-ray Cerenkov radiation is 
possikle for the carbon K (283.84 eV), aluminum L1 (287.01 
ev) and L2,3 (72.78 eV) absorption edges. Measurement in 
the aluminum K (1559.9 eV) absorption edge region is found 


to be not possible since the real part of the index of 


refraction does not exceed unity. The relative power from 
Cerenkov radiation has been calculated for the three 
possible cases and count rate estimates are given. The 


experimental apparatus for the measurement of X-ray Cerenkov 
radiation has been redesigned to allow measurement of the 
carbon K edge and aluminum L1 edge. 

An experiment was attempted, but not completed due to 
the failure of a necessary preamplifier for a proportional 
counter. New design considerations are presented here and 
incorporate changes to avoid the experimental shortcomings 


of previous measurements. 
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I. INTRODUCTION 


Cerenkov radiaticn is produced by a charge or a group of 
charges moving at speeds greater than light in a farticular 
mediun. It has been investigated with the experiments of 
Cerenkov in 1934 and also described by Frank and Tamm in 
1937. A summary of work to 1958 is contained in the treatise 
by Jelly [Ref. 1]. 

Cerenkov radiaticn has been used occasionally as a 
detector of high speed charged farticles. A detector using 
this concept will seiectively detect only charged particles 
exceeding the velocity of light in the medium through which 
they are traveling. Other than this it has been considered 
as a curiosity, and the phenomenon has been usually thought 
to be a source of broadband radiation. 

Until recently the study of Cerenkov radiation has been 
restricted almost exclusively to radiation in the optical 
region, and most theoretical and experimental studies have 
been devoted to the properties of Cerenkov radiation in the 
optical rand where photoabsorption effects can usually be 
ignored. This was due to the belief that Cerenkov radiation 
in the X-ray band is impossible since the index of refrac- 
tion of all media is less than unity over the X-ray 
frequency region. 

‘The velocity of light in a medium is equal to c/n, 
where c,is the velocity of light in vacuum, n the index of 
refraction of the medium, and the index of refraction in the 
X-ray region is of the fora : 


ay 
n (Ww) = { _ wh (1.1) 





where Weis the plasma frequency of the electrons of the 


medium. This was the accepted theory. Recently, Bazylev 


et. al. [{Ref. 3] reported the cbservation of Cerenkov radi- 
ation from carbon at wavelength of 40 angstroms uSing 1.2 
GeV electrons. The experiment was based on a theory that 
near the photoabsorption edges the coupling of the electrons 
with the atoms of the medium alters the index of refraction, 
resulting in narrow bands where the real part of the index 
of refraction is greater than unity. 

In this thesis, three sets cf experiments which could be 
performed by using Naval Postgraduate School 100 MeV Linac 
are discussed. They utilize abscrption edges as follows: 

1. Carbon K (283. Gamey). 
2. Aluminum Li (87.01 eV) and L2,3 (72.78 eV). 
Ss  Aluninun K (Cl S5on9eev i. 

The purpose of this thesis is to understand the charac- 
teristics of Cerenkov radiation and to see if X-ray Cerenkov 
radiation can be emitted in another medium in accordance 
with the theory, and possible detection methods for soft 


X-rays are discussed. 


10 


II. THEOR 


A. CHARACTERISTICS OF CERENKOV X-RADIATION 


NecidEgGedmpauticic In UnIrorm motion in a straight line 
in free space does not radiate. The Situation may be 
different, however, ina dielectric medium for which €>¢€,, 
K>1, and aindex of refraction of the mediun, a, can be 


written as: 


€ 17_/,)2 
n =[€] =(x] (aol 
where @1is the permittivity of free space, € the pernit- 


tivity of the medium, and kK the dielectric constant of the 
medium. 

if the electron iS moving fast, that is, at a velocity 
comparable to that of light in the medium, there is a resul- 
tant dipole field which will be apparent even at large 
distances from the track of the electron. Such a field will 
be momentarily set up by the electron at each line element 
along the track, and in turn each molecule in the line 
element will then radiate a [trief electromagnetic pulse. 
The radiation will be spread over a band of freguencies 


corresponding to the various Fourier components of this 


pulse. 
In the general case, the radiated wavelets from all 
parts of the track interfere destructively so that, ata 


distant point, the resultant field intensity is still zero. 
However, 1£ the velocity of the particle is greater than the 
phase velocity of the radiated wave in the mediuag, Its 
possible for the wavelets from all portions of the track to 
be in phase with one another so that, at a distant point of 


observation, there is how a resultant field. It will be 
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Figure 2.1 Huygens Construction of Wavelet 
for Cerenkov Radiation. 


understood from the Huygens construction shown in Figure 2.1 
that this radiation is only observed at a particular angie 
with respect to the track of the particle, namely that angle 
at which the wavelets-from arbitary points such as Pl, P2 
and P3 on the track AB are coherent and combine to forma 
plane wave front, BC. This coherence takes place when the 
particle traverses AB in the same time that the light wave 
travels from A to C. If B is defined aS vV/ce, where vis Ue 


velocity of the particle, then in a time t the particle will 


travel a distance AB = Bc. and the “Light will” traveitea 
distance AC = (cG/n).t. From this geometry we obtain 
cos 6c = 1/nB (2.2) 


which is known as the Cerenkov relation, where 8c is the 


direction of emission of the Cerenkov radiation. 
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Figure 2.2 Electron Energy vs. 1/n (=v/c)- 


It is seen that: 

1. For a medium of given refractive index, n, there is a 
threshold velocity Bmin = 1/n, below which no radia- 
tion take place. Pigure 2.2 shows a relationship 
between B (i-.e., v/cq) and electron energy in MeV. 
Note that, inthe case of air, t/n = 0.999732, to 
achieve Cerenkov radiatiam the electron energy needs 
to be greater than 22 Mev. Ateenti cme Cr] ti Cau 
velocity (energy) Lnemmadrrectronmot radiation “¢oin— 


cides with that of the particle. 


iS 


2. For an ultra-relativistic paptiele ws tormwaren B =, 
there is a maximum angle of emission, yiven by @max = 
cos’ (1/n). 

3. The radiation occurs mairly in the visible and near- 
visible regions of the spectrun, for which n>1. 
Emission in the X-ray region is relatively hard to 
produce for n is less than unity in most of the 


region and thus equation (2.2) can not be satisfied 


except near photoabsorption edges. 
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Figure 2.3 The Dispersion Curve of a Typical Mediun. 


In order to achieve Cerenkov X-radiation, the index of 
refraction of the target material must be greater than 
unity, which occurs only at the absorption edges (see Figure 
2.3, which shows the schematic diagram of a complete disper- 
Sion curve for a substance transparent to the visible spec- 
trum). Since emission of X-ray Cerenkov radiation is only 
possible in regions close to absorption lines and bands, and 
the deviation from unity turns out to’ be relatively small, 
the incident particle energy must be relativistic, and the 
radiation angle turns out to be quite small. In this case 


the theory used to describe dispersionless optical Cerenkov 
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radiation appears, generally speaking, ina pplacan le. 
Therefore, there exists a need to develop a theory based on 


the effect of the absorbing proferties of the mediun. 


B. INDEX OF REFRACTION IN THE X-RAY REGION 


The Cerenkov angle, 8, can be computed from equation 
i272) assuming that the electron 1S moving at constant 
velocity, v. 

Classically, the atoms of the medium can be modeled as 
an oscillator consisting of an electron of nass m vibrating 
about a maSSive positive charge, which we may consider to be 
at rest, and on which falls an electromagnetic wave of 
angular frequency WwW, whose eiectric vector at the position 


of the dipole is given at time t by: 
E = E Exp (iwt) (2. 3) 


We assume that F and the induced dipole moment P depend on 
position and time Sinusoidally, or have a complex form ('*! 
represents complex). The equation of motion of the electron 


under the action of the wave is: 
x + (k/m)x + W2X = (ef /m) Exp (iwt) (2.4) 


In this equation, a damping factor k, proportional to the 
velocity of the displaced charge, has been introduced, and 
foes the Natural Erequency of the dipole if the charge is 
displaced and allowed to oscillate without either appiied 
field or damping. When a steady state has been reached, the 
dipole executes forced oscillations of frequency w under the 
action of the incident wave, with a dipole moment at time t 


being given by: 


> = ex = (2 /t) _E, Exp (iwt) (es), 


AD 


which can be verified by direct substitution in eguation 
(2 

Now £, the scattering factor (for more details see 
[Ref. 5] ) of the dipole is defined as the ratio of the 
amplitude scattered by the oscillator to that scattered by a 
free classical electron under the same conditions. We get 
for f, the scattering factor of a dipole oscillator of 
natural frequency us , for waves of frequency @, 


_ Ww 
£ = Er Swtsikw ne 
f can be written as: 
£ = Li geei £2 (237) 


These are the real and imaginary parts of the response func- 
tion {or £) assuming that the electron behaves like a clas- 
sical harmonic oscillator. The general result for the 
relation between the real ard imaginary parts of the 
response function(or f£) is derived from causality arguments 
and is called the Kramers-Kronig relation in physics. MIhese 
relations are used to obtain that part of the response func- 
tion which is difficult to measure directly. In the case of 
the optical constants in the X-ray region the Kramers-Kronig 
relations are used to obtain the index of refraction from 
measurements of the absorption. The functions £1 and f2 are 
tabulated by Henke et al [Ref. 5] for low energy X-rays from 
100 eV to 2000 eV for 94 elements. Figure 2.4 represents a 
plot of £1, £2 versus X-ray energy for the case o£ carbon, 
and Figure 2.5 shows a plot of £1, £2 versus X-ray energy 
for the case of alumniun. 

For X-rays, the real part of the index of refraction, 


Nn, iS given in terms of the scattering factor £1 by : 


N e* 
emu? 





n=i1- £7 (Zo) 
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given in terms of the scattering factor f2 by 


imaginary par 


and the 


(2.9) 


the number of atoms fer cubic meter, 


e the elec- 


1S 


where N 


From 


the electron mass in Kg. 


and on 


in coul, 
Figure 2.4 and Figure 2.5 and eguation 


tron charge 


in order for n 


(2.8), 
the X-ray frequency region, 


£1 


to be greater than unity in 
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Scattering Factors of Aluminun. 


Atomic 


must have negative values. 


This occurs in very narrow bands 


his 


was not calculated by Henke and 


apparently f1 


where 


coworkers. 


the index of refraction, 


A more rigorous calculation of 


has lead to results 


near the photoabsorption edges, however, 


Figure 2.5 


Figure 2.4 and 
D.Y Smith et al [Ref. 6] used a finer mesh of points(500) to 


those implied by 


different fron 


actual 


optical constants of aluminun. The 


the 


obtain 
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Galcudations were Carried owt in terms of the complex 


dielectric constant 
Kw) = Kr(w) + i Ki (w) (2.10) 


The elastic part of the dielectric constant Kr was obtained 


zsrom the absorptive part using the Kramers-Kronig relation 


Kr (o) > — 41 


> a] 
-$/ od Kilw') dey” oT 


"Q's =a 


and the desired optical constants were then computed from 


the complex dielectric constant 


[a (Kr + ler KF)" (25 12) 


Nn 


k 


bat-ke + ke+K)]* (2. 13) 


Figure 2.6 shows the optical constants of aluminum over 
4 decades of energy and Table I shows the value of the 


constants near Ll, L2,3 and K edges. AS we can see from the 


| TABLE I 


Optical Properties of Aluminun 


Absorption B BekceD) Real ened naey 

Edges ae eebaies (Oe), Bali) 

86 1.0059 Oe0y 3234 

L1 87 ile (ONS SS: 0.028496 

88 1.0054 0.028958 
| 72.6 1.03 0.00395 
Wg} eT 10339 GeO UZ2323 
TAGS. Oes.0: 2 0.019984 

1553 0.99992 0.000029 
K 1559 0.99992 0.000033 
1560 0.99992 0.000041 
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Figure 2.6 The Refractive Index of Metallic Aluminun. 


Table I and Figure 2.6, the index of refraction near L1 and 
L2,3 edges are slightly higher than unity (notice a little 
hump near the L2,3 edge in Figure 2.6) but near the K edge 


is still less than unity for the case of aluminuan. 
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An X-ray Cerenkov radiation experiment in the aluminum K 
edge region by Farmer [Ref. 8] was not able to be repeated 
and the reasons at that time were not known. It is evident 
from Table I that realistic valve of the index of refrection 
[Ref. 6] does not exceed unity rear the K absorption edge of 
aluminun. For this reasion the results of Farmer must be 
viewed not aS a measurement but as a first attempt to do 
this type of experiment. 

With the above in mind, an examination is given to the 
real part of the index of refraction near the photoabsorp- 
tion edges of the various shells of an atom. The relation 
between the real and imaginary farts of the index of refrac- 
Pron , through the dispersion relation of Kramers-Kronig 
relation, gives rise to the absorption that electrons with 
binding energies exceeding the photon energy will add a 
positive contribution to the real part of the index of 
refraction of the medium. At the same time, electrons whose 
binding energies are less than that of tne photon will cause 
a negative contribution. The requirement is to find a media 
in which the positive contributions are larger than the 
negative ones in some X-ray frequency regions such that the 
index of refraction is greater than unity. As a result of 
the fine structure of the photcabsorption edges due to tne 
transitions of the electrons to valence level, detailed 
experimental data on the photoabsorption cross section aust 
be utiiized in determining the real and imaginary parts of 
the index of the refraction. The real part of the index of 
refraction turns out to be greater than unity in a rela- 
tively narrow interval of the sought X-ray frequency cand. 
However, within this frequency interval, the real part of 
the index of refraction does exceed unity, allowing the 


formation of Cerenkov radiation in the band. 
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C. RADIATED POWER 


F.R Buskirk and J.R Neighbcurs {Ref. 7] calculated the 
radiation power from periodic electron bunches, by consid- 
ering the Cerenkov radiation produced in a dispersionless 


medium such as gases or other dielectrics by a_ series of 


pulses of electrons such as are produced by a Linac. The 
pulses or bunches are assumed periodic. The total emission 
region is finite, and the bunches have a finite size. Fron 


this, the average power per unit solid angle radiated at the 
frequency W, which is a harmonic of the basic angular 


frequency “% of the periodic pulse train, is: 
00 
dP/dn = = (W, D) (2. 14) 


For convenience W(y,f) can be written below using slightly 


different terminology: 


ay 2nt 
W (y,h) = MOME TE(R)|* (Ck)? sinte Ltw} (2.15) 


34? 


where W ({y,fi) is the power per unit solid angie radiated at 


the frequency y = ckK/2m. The parameters describing the radi- 
ation are: 


u = kKL/2 ( cos &- cos 6) (2.16) 
T (ij Sine | (2.10 
= (lone ee Ny We, We ) (2.18) 
ofl * ve >> t 
Bt (k) = (({ ax ay dz ExpLik'r] pity (2. 19) 
-00 
= q F{k) 


A 


where Ny, Ny, Og are components of the unit vector Nn in the 
emission direction, y is the frequency of the emitted radia- 
tion, L (= 2Z') is the length of the medium, and the usual 
Cerenkov anyle 6 is given by cos 9c = c/v. The total charge 


of one bunch is gq, corresponding to a charge distribution 
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Beate ) with Fourier transforn B' (kK) = GF (k), and F (Kk) 1s 
defined as a dimensionless form factor. The Linac frequency 
yo 1s egual to the electron velccity divided by the eiectron 
bunch spacing Z (yo = v/Z), and y, the frequency of the 
emitted radiation will be a harmonic of yo. 

In equation (2.15), the quantity enclosed in square 
brackets is a dimensicnless radiation function. The factor 
tr(u) is identical to the result obtained for the calcula- 
tion of elementary Fraunhofer diffraction from a slit across 
which the phase varies linearly, Such aS plane waves 
striking the slit at an angle to the normal. Towcalculare 
and plot expected results, a set of parameters were chosen 
close to those available in an experimental situation: 

1. The index of refraction for carbon at the kK edge is 
1.003379. The electron farameterS are assumed to be 
those for a 100 MeV Linac; fundamental freguency yo = 
2.856 GHz, and form factcr is assumed to be 1. £4Since 
the radiation emerging from the target actually orgi- 
nates at the last layer having a thickness’ on the 
order of the absorption length(l= 4, ) CEN IG Aut ace ye 
carbon target, and assuming en ot the absorption 
TengrEnecOnLErputces to the radiation, the radiation 
length of the medium is 0.40 micrometers. 

2. The index of refraction for the aluminum L2,3 edge is 
1.0339, and the other parameters are same as above. 
The radiation length of the medium is 0.16 microme- 
ters 1f we consider the above situation (absorption 
length). 

Using these sets of parameters and a computer program Figure 
2.7 and Figure 2.8 were caiculated from equation (Zz. 15) 
Figure 2.7 corresponds to the carbon kK edge, Figure 2.8 
corresponds to the aluminum L2,3 edge. These figures repre- 
sent power per unit solid angle at a particular frequency 
(at a particular Linac harmonic which is near the absorption 


edge frequency). 
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Figure 2.7 Power ws. Angle for Carbon Target. 


For the case of large Z' (infinite mediun), the total 
radiated power at freguency Wis given by 
M . a'70 2 2’ 

Pw = fe wv'sinia [Picky] ee (20) 
whereWis a harmonic of the bunch angular frequency “o, v is 
the electron velocity, 8c is the Cerenkov angle, Z' is 1/2 
of the pulse length or interaction distance, Zi1is spacing 


between electron bunches, and B' (k) is the three dimensional 
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Figure 2.8 Power vs. Angle for Aluminum Target. 


Fourier transform of the single pulse described by p'(?). 
Now we recognize that the ratic of interaction distance to 


bunch spacing (2Z'/Z) is N, the number of bunches present in 


the interaction length. Also, the bunch spacing can be 
expressed aS Z = 2v /Wo where Wo is the bunch repetition 
frequency. Making these subststitutions, equation (2.20) 
becomes 
a» 2 
M ~ 2 D 
Py = pluaeV Sin O. | Pika |N (2.21) 


To compare with usual formulations, eg uation (Ze) is 
divided by Nv to obtain the energy loss per unit path length 


per pulse. This gives 
= * wou, sinte |PXR)| 
dE/dx = yar 0 SIN Ve If, C2222) 


whereWis a harmonic of the basic angular frequency Wo of 
the periodic pulse train. 

If the pulse is assumed to bea point charge, the 
Fourier transform B’(k) reduces to gq, the total charge fer 
pulse, and equation ({2.22) is very Similar to the usual 
Cerenkov energy loss formula where for a Single charge gq, 
the radiation is continuous and the factor WW, in equation 
(2.22) is replaced by @W dw. 


dE/dx = wd sin? & 4% (2. 23) 


which is the classical formula derived by Frank and Tamm in 
1937 [{Ref. 13 p. Zone In the case of a lLinac the pulse 
train is periodic at angular frequency Wo and radiation is 
emitted at the harmonic frequencies denoted byW. The equa- 
tion (2.23) shows that: 
1. For an infinite mediun, as would be the case for 
X-rays the radiation direction is at @c. 
2. The intensity increases with W. 
3. The spectrum is continuous, ie, all frequencies are 
emitted. 
Also from equation (2.23) and (2.2) we can calculate the 


energy radiated per unit length for one electron 
— OO eee dw 
E/in = an 6 he mit B*) W (2. 24) 


This calculation is done more in detail in Appendix A. From 
the resuits of Appendix A, we can now calculate the expected 
counting rate ina radiation detector. In all cases, we 
predict sufficient number of counts/sec to observe X-ray 


Cerenkov radiation. However, there is a danger that our 
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instaneous count rates may be tco higher for our detector to 


respond properly. A soluticn to this effect is also 
predicted here. The number of photons per second detected 
by the proportional counter can be estimated by the 


following procedure: 

1. From the results of the Appendix A, the radiated 
energy per unit length for a single electron is 1.48 
x i Seowoleyan (fe o> 9. 25a 10 eV/m or 92.5 eV/mn) for 
the case of a carbon target, and dividing by the 
energy of one photon(284 eV) gives 0.3257 photonsysmn 
emitted from the target (compare with the optical 
region 10 photons are emitted [Ref. 1: p. 22] for the 
case of water Imm thickness). 

2. Since the radiation emerging from the taryet is actu- 
ally picked off the last layer having a thickness on 
the order of the absorption length the above vaiue 
must be multiplied by the absorption length (0.40 
micrometers for carbon). Remember photons which were 
emitted front side of the target would be absorbed 
and could not detected by the proportional counter. 
Thus 1.32 X 10 photons are emitted for one electron 
in the absorption length. 

3. From the geometry of the detector chamber the solid 
angle can be calculated to be 1.7 x 10 steradians LOL 
the new designed detector chamber (remember the 
distance from the target to the proportional counter 
is 42 cm andthe dimension of the window of the 
PrOPGLeronat es COUNnter 1S 3x10 mmj: Including this 
effect 2.24 x 10 photons/electron could be detected 
by the proportional counter. However, the radiation 
is not emitted ina 4mW solid angle but emitted asa 
Cerenkov cone and we detect a fraction of 2mr circun- 
ference( r = 5 cm for carbon K edge) of the base of 


the cone. From this consideration 4.20 x 10 photons/ 


Psa | 


electron could be detected by our proportiona 
counter. 

4. For a measured average SEM current of 1.0 x 10° Amp 
and the SEM efficiency of 6 %, 1.04 x 10 electrons/ 
sec are coming out the Linac. For this current 2ae8 
x 10K photons/sec could be detected by our propor- 
tional counter if the fhotons are emitted ina 4 
solid angle. For the more realistic case of emission 
into the 2wr circumference cone, 4.4 x 10° photons/sec 
will be detected. 

5. Furthermore, the number will be reduced by a factor 
of approximately 10 if we consider the efficiency of 
the proportional counter {Ref. 10] due to the thick- 
ness of the window(1000A). If we follow the sane 
procedure for the case of aluminum L-edge, we expect 
about 25 times stronger signal than carbon K-edge. 

6. In reality, the pulse length of the Linac is approxi- 
mately 1 msec and the pulse repetition rate is 60 Hz. 
This means that. the. duty cyvele. Vis "Gaex 10° so the 
instantaneous current on the target is 2.78 mA for 
(i 6 Jae 10 Amp average current. AS a consequence of 
this, the actual count rate during the measurement 
period by the proporticnal counter is 1.67 x 10° 
higher than the average count rate in our considera- 
tion. When the experiment is done, it will be neces- 
sary to reduced the current so that the proportional 
counter can respond and is not saturated. One way to 
reduce the number of electrons/sec on the target is 
to turn off the gun grid of the Linac and run on the 
"dark" current which is the current of free electrons 
in the imperfect vacuum cf the Linac whachwwas aecel. 
erated by the RF fields. 

Two other considerations which influence experimental 

observation are bremsstrahlung and multiple scattering. The 


bremsstrahlung cone angle is roughly 


Ze 


<é>Brems = 1~/#P (2. 26) 


which is approximatly 0.3 degrees for 100 MeV electrons. For 
the carbon kK edge and aluminun L edge the bremsstrahlung 
cone angle is much smaller than the Cerenkov cone angle. 
However the multiple scattering angle which is given apfrox- 


imately by 
2 ac 
<O> = (21/pB) [x/x0]? (2.26) 


where x is the target thickness and x, is the radiation 
length, pis the momentum of the electron in WeV/c. x,is 
18.8 and 8.9 cm for carbon and aluminum respectively. For 
ee) X 10m carbon foil the multiple scattering angle is 0.14 
degrees. In [Ref. 8] the aluminum target thickness was 2.5 
x 10° m and the corresponding multiple scattering angle is 
0.2 degrees. Both multiple scattering angles are much less 
than the Cerenkov cone angle. Target thickness must be xept 
small to keep bremsstrahlung and multiple scattering effects 
from masking Cerenkov effect. 

Finally, for the experimantal geometry of Figure 3.2, 
the walls of the proportional ccunter will be closer to the 
beam than counter window. We must limit events due to secon- 
dary particles and bremstrahlung from fringe electrons in 
the beam striking the tnick chamber walls. A small current 
is required for this reasion, in addition to the count rate 
considerations of item 6 above. Perhaps in Farmer's experi- 
ment [Ref. 8] the otserbed peak was due to a bean aalo 
striking the proportional counter walls. A future facility 
Should consider the installaticn of a damp magnet on the 
electron beam axis prior to the proportional counter in 
order to sweep away the electron bean. . 

In the case of X-ray Cerenkov radiation, at freguencies 


close to the absorption lines and bands of the medium, the 


PRS 


most substantial effect is absorption of virtual photons 
over the radiation formation iength. For tne X-ray region 
it is impossible to make bunching fine enough to’ see the 
radiation at harmonics of the bunch frequency. Furthermore, 
our medium is a thin film, but the wavelength of X-ray is 
even smaller in comparision with the thickness of the 
medium. Also, the index cf refraction changes with 


frequency. 
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itTewose ORAM ENTAL DESEGN AND PROCEDURE 


Aw EXPERIMENTAL APPARATUS 


In this section, the components of the experimental 
apparatus will be examined in order to provije a precise 
understanding of the experiment. The various components of 
the signal train wiil be reviewed in order, from the origi- 
nating device itself (Linac), to the final detection and 


analysis components. 
1. Linac 


The linear accelerator used for this experiment, see 
Figure 3.1, produces a bunched electron beam rather then a 
continuous one. Three klystron tubes are used to individu- 
ally provide power to each of three ten foot long acceler- 
ating sections which are of the Stanford type.” An electron 
gun at the beginning of the accelerator injects electrons at 
roughly p = 0.5. The design 6f the accelerator sections 
causes the RF energy to propagate ina IM mode. The injected 
electrons are quickly accelerated to near the velocity of 
light in their first few centimeters of travel. In order to 
Marrow the energy spectrum, the highest energy electrons are 
separated from the others by bending the beam with a magnet, 
and then using a tungsten slit to block electrons not having 
the desired energy. As might ke expected, the high energy 
electrons which impinge on the tungsten slit are the major 
source of gamma and X-ray radiation produced by the Linac. 
The Linac has’ the following operating characteristics; 
Maximum energy of 120 MeV, maximum average current of 3-5 
microAmp (measured by the secondary emission monitor), oper- 
ating frequency of 2.856 GHz, and pulse duration oz 1.0 


microseconds. 


3) 






Naval Postgraduate School 
1!1O MeV Linear Accelerator 





Control Room 


Figure 3.1 The Schermetic Diagram of a Linear Accelerator. 


2. Target and Detector Chanber 


The schemetic diagram of target and detector chamber 
which is made of aluminum 1s shcwn in Figure 3.2. During the 
experiment, the whole Linac, a target and detector chamber 
are under vacuum by using a mechanical pump andan oil 
diffusion pump. The pressure is about 10° Torr. Due to the 
characteristic of Cerenkov radiation and yeometry of target 
and detector chamber, it 1s necessary to change the geometry 
of the target and detector chamter. This will be discussed 


carefully in the next section. 
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Figure 3.2 Target and Detector Chamber. 


ae Gas Flow system 


The schemetic diagram of the gas flow system for the 
proportional counter is shown in Figure 3.3. Vacuum pump 1 
is always working during the experiment. If valve A is 
opened, then the pressure becomes the same in valves B,C and 
inside the proportional counter. Also, the target and 
detector chamber and the whole Linac become the same fres- 
sure (ist step). Now turn on vacuum pump 2, close valve A 
and open valve C and D, and introduce argon and methane gas 
mixture to the proportional counter by opening valve B (2nd 
step). In the first step, Fressure meter A should read 
about 50 microns and fressure meter B about 760 mmHg. In the 


second step, pressure meter A remains the same but pressure 


a3 
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i GAS™ PLOW SYS Tem 


Tressure Meter B 






Gas in 
(Ar+CH |) 


ae ee i ee SY A ee wee toed et ee =o he eee — J 


Pump 1 Pumn 2 
(Target chamber) 


Pressure Meter A 


Figure 3.3 The Schemetic Diagram of a Gas Flow Systen. 


meter B reads about 510 mmHg if the pressure of the propor- 
tional counter is 250 mmHg. Finally, supply high voltage toa 
the proportional counter and find the optimum pressure and 


voltage cf the proportional counter. 
4. Detection Apparatus 


In this section, the fossible detection apparatus 
for the X-ray photon will be discussed. The Manson Model O04 
yas flow proportional counter is shown in Figure 3.4. The 
cathode (body) is cylindrical in shape with an inner dian- 
eter of 2cm and overall length of 7cm. The anode consists of 
nichrome of 50 micrometer in diameter, and the window (1000 


6 
A thickness) consists of VYNS, a co-polymer of vinyl 
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Figure 3.4 The Schemetic Diagram of a Proportional Counter. 


chloride and vinyl acetate, with a 60% transmission 400 
mesh screen with a 3x10 mm Slot for an operating differen- 
tial pressure of about 800 Tcrr maxinun. And for the 
proportional counter, gas mixture of 90 % argon and 10 &% 
methane is provided by the gas flow system which was 
discussed before, and high voltage is supplied by the power 
supply. 

The reason for the use of the flow-proportional 
counter is that the low energy photons generate just a few 
electron-ion pairs within this gas, and therefore the pulse 
formed has broad distributions extending down close to the 
amplifier noise level. 

The proportional counter can be moved vertically by 
the driving moter, and the proportional counter is always 


pointed at the virtual center of the emission region. 
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The Manson Model PAL-0O1 pulse amplifier is shown in 
Pigume 3.4% The input stage is a JFET-bipolar cascade, 
followed by gquasi-Gaussian double differentiating and inte- 
grating filters with 0.75 psec time constant. Its charge 


sensitivity is -2 x 10 V/coul. 


5. Observer Station 


S— ee oe ee ee oe 







OIBSERVER STATION 


HP 6515A 


HV Supply TN 7200 


PHA 


Power Supply 


a eg pe mm pa er J 


Figure 3.5 The Schemetic Diagram of a Observer Station. 


AS we see in Figure 3.5 the analyzing equipment 


consists of an ORTEC 450 Research Amplifier, a TEKTRONIX 


7J904A Oscilloscope, and a TRACER NORTHERN TN-7200 Pulse 
Height Analyzer (PHA). The impcrtant piece of eguipment for 
this experiment was the PHA. This instrument divided the 
detection range into a predetermined number of channels (for 
example 1 K) and then recorded graphically the number of 


counts with which each signal channel was detected. The 


36 


data 1s presented in the form ct pulse-height distribution 
with the number of counts per channel displayei on a linear 
vertical scale and the channel number displayed on a linear 
horizontal scale. The pulse-~height is proportional to the 
incident photon energy. Thus the displayed results form an 
energy dispersed spectrum of the incident photon beam. This 
allowed the observer to deal with A certain degree of vari- 
ability in the signal by choosing the observed value to be 
the peak of the frequency distribution. 


Be. BASIC EXPERIMENTAL DESIGN 


ie) Aen. ie eas a ca - 9 <. <n 
| 
TABLE if | 
| Comparisions of Changing Design | 
Length Ma xinmua Maximum | 
| Design Tar~Det Height Angle | 
Original o | 
Design 114 cho 6.5 cm 62.6 | 
| New Design 0 
7 Target (Cf Gail bao] cm 4.8 
New Design 0 | 

Target (Ey G2 cm sn a) en S15 8) 
ll - _ 


The purpose of this experiment 1s to measure the 
relative power from Cerenkov radiation as a function of 
detector angle in order to compare it with theoretical 
values. The electron bunches exit the Linac aperture (see 
Figure 3.1) and emit Cerenkov radiation when they go through 


the target (a thin film of carbon or aluminum). These 


= 


electrons pass the target and detector chamber and prceceed 
into the beam dump, while the X-radiation emitted by 
Cerenkov mechanism travels to the detector chamber, making a 
Cerenkov’ cone, which is detected by the proportional 
counter. During the experiment the whole Linac and the 
tacget and detector chamber are under vacuum by a mechanical 
pump and an oil diffusion pump. The proportional counter is 
mounted ‘in the detector chamber, which is placed such that 
the proportional counter is always pointed at the virtual 
center of the emission region. 

With this experimental setup, the basic experimental 
procedure iS to sweep the proportional counter,vertically 
over the angular range of interest by uSing a small driving 
moter on the detector mount. The signal picked up by the 
proportional counter is amplified by the pulse anplifier 
which is mounted with the proportional counter(see Figure 
3.4) and transmitted to the control room, where it is fed 
into an another amplifier and then into both an oscilloscope 
and a pulse hight analyzer (PHA). The oscilloscope allows a 
gross measure of power, while the number of counts measured 
by the pulse hight analyzer giveS a more precise value. The 
end result of this procedure would be tabular data in the 


form of signal intensity versus detector angle. 


2. The New DeSign of the Detector Chamber 


AS mentioned earlier, due to the characteristics of 
Cerenkov radition, it is hard to measure the angular depen- 
dance of relative power density with the original geometry 
of the detector chamber which was used by W.J Farmer 
[Ref. 8] Farmer was working with aluminum K-edge and meas- 
ured 1.82 for Cerenkov angle but this experiment can not be 
repeated, notice the index of refraction of the aluminun 
K-edge is less than unity. However, if the electron beam 


axls waS not exactly perpendicular to the proportional 
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Figure 3.6 The New Design of Detector Chamber. 


counter travel direction, it is possible that the L1 edge 
was detected. At this time, the exact interpretation of his 
result is difficult to assess. 

From Table II, we observe that the old design allows 
a maximum Cerenkov cone angle of 3.6. This corresponds to n 
my. 002. If the prediction of Table I are not correct, in 
order for Cerenkov radiation frcem the K edge of aluminum to 
be observed, then the index or refrection must be 1.0 <n < 
1.002 at that frequency. Farmer measured @c = 1.8 degrees 
corresponding to n = 1.0005. If this was a correct measure- 
ment, and Table I is incorrect, then the meaSurement should 
have been able to be repeated. We suspect that the original 
measurements were not complete and something other then 


Cerenkov radiation was observed. 
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Because the Cerenkov cone is large, the edge of the 
detector chamber will interrupt the radiation. Hence it is 
necessary to reduce the length of the detector chamber to 
enable it to detect at amuch larger angle. Also, the 
detection angle can be made larger if the target is placed 
at the exit(E) of the target chamber rather then at the 
center(C). The new design of the detector chamber is shown 


in Figure 3.6, and ccmparisions are sumarized in Table II. 


C. PROCEDURE 


To prove the theories presented in this theSis, the 
following Cerenkov X-ray experiments are considered. They 
utilize absorption edges as follows: 

1. Carbon K (283.84 eV) (experiment #1). 

2. Aluminum Ll (6720 leey), Leese 2.7 oe) (experiment 
#2) . | 

3. Aluminum K (1559.9 eV) (experiment #3). 


TABLE III 
Cerenkov Angle for 100 MeV Electrons 


| 
| 
: | 
| Threshold index of Cerenkov | 
| Target Energ Rerractlon Angle 
| Material an Nev (n) (9c) | 
Carbon w | 
K edge 6223 1.003379 4.694 | 
| Aluminun ° 
| L1 edge 4.89 1.0055 5. Fac | 
i Aluninun o | 
| L2,3 edge 2.01 1.0389 Ve 7s { 
Aluminun | 
| K edge No 0.99992 No 


F 
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Also, the corresponding index of refraction (n) and 
calculated Cerenkov angle(8c) Hse eeguation (2.2) meeror 100 
MeV electrons are tabulated in Table III. we see that 
Cerenkov angle(§c) is large compared with the geometry of 
target and detector chamber. 

In the original experiments of V.A. Bazylev et... al. 
[Ref. 3: pe 884] a carbon target was used. The work was 
performed with a linear accelerator at an electron energy of 
1.2 GeV. 

Here, for experiment #1 the target consisted of a plate 
of graphite carbon with density 1.75 g/cm, transverse dimen- 
sions of 4x4 cm and thickness af 126 micrometers, and for 
experiments #2, #3 an aluminum foil with density 2.67 g/cn’, 
transverse dimensions of 4x4 cm and thickness of 200 micron- 
eters could be used. 

On the basis of the calculations perforned, maXimum 
Cerenkov X-ray photons should be observed at the angle near 
4.694 for the case of the experiment #1 (carbon K edye) and 
5.988 for the experiment #2 (aluminum L1 edge) and with tne 
present apparatus, the aluminum L2,3 edge should not be 
observable. As described in section B, the geometry of 
target and detector chamber needs to be changed, and also 
the taryet material must be placed at the exit(£=) of target 
chamber rather then at the center(C) of the target chamcer 
(see also Figure 3.6 and Table ITI). 

The Naval Postgraduate School's Linear accelerator 
(LINAC) is capable of producing relativistic electrons with 
energies of 100 MeV. The electrons are accelerated to ener- 
gies of 100 MeV which are fassSing through the target 
material and produce Cerenkov radiation. This process 
occurs in avacuum chamber. Exiting Cerenkov X-radiation 
then travels a distance of 42 cm, within a vacuum cnamber 
from the target material to the proportional counter within 


another evacuted chamber. The proportional counter is 
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suspended from the top of the detection chamber by a support 
cylinder which is moveable in the vertical direction. fMThe 
full movement of the cylinder allows tne counter to traverse 
a distance of 13 cm, or an angle of 17.20 degrees. 

In the W.J. Farmer experiments [Ref. 8] in working with 
the same experimental apparatus which are discussed in 
section A the proportional counter was filled with gas at 
pressure of 250 Torr. The gdS mixture was 99 % argon and 10 
% methane. The bias voltage on the detector was 920 volts. 

In preparing for the experiment, the proportional 
counter was calibrated by utilizing an iron 55 sample to 
produce 5.89 KeV X-radiation within the evacuated detector 
chamber. As a result of the radiation from the calibration 
source, the K edge of argon was excited at 3.2 Kev. These 
two energies provided two points at which the PHA used in 
this experiment could be calibrated. 

It was noted during the course of the calibration of the 
detector that the proportional counter was very Sensitive to 


Change in gaS pressure and bias voltage. 
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IV. RESULTS AND DISCUSSIONS 

Due to repeated failure of the preamplifier (when high 
Dias voltage is applied to the proportional counter a break 
down occurs on the circuit board of the preamplifier during 
bench tests to characterize the DEO UOGELONAL COUunter 
response characteristic) no measurement of X-ray Cerenkov 
radiation was made. It seems to be a design problem of the 
preamplifier. 

A preamplifier is specifically designed to accept the 
Signal froma detector with minimum shaping in order to 
preserve the maximum Signal-to-~noise ratio. The three Lasic 
types of preamplifiers that are normally used are voltage 
sensitive, current sensitive, and charge sensitive. Charge 
sensitive preamplifiers are preferred for most spectroscopy 
applications. ORTEC model 142ZPC and 142TH preamplifiers 
could be used for this experiment. These are low-ncise, 
high-gain charge sensitive units designed for use with 
proportional counters. 

This thesis showed that Cerenkov X-radiation is obtai- 
maple. More work needs to be done theoretically to support 
the results of this experiment by evaluating the real part 
of the index of refraction in the vicinity of tae absorption 
edge of target material and using it in the presented egua-~ 
tions to determine the theoretical values of the Cerenkov 
angle and the energy of the X-radiation relased. 

More work should also be done to see if there are other 
elements -which will produce Cerenkov X-radiation at some 
other energy. These radiation, if found, could be utilized 
aS monoenergetic sources for lithographic studies or any 
other studies in which a monoenergetic X-ray source would be 


desirable. X-ray lithography is an important alternative to 
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optical and ultraviolet lithography because it overcomes 
probiems of penumbral and geometric distortion which impose 
severe constraints on mask to wafer positioning. The 
Cerenkov X-ray sources are highly directional and there is 
even less distortion than a conventional X-ray source. 
There has also been a discussion of the possibility of 
pumping nuclear and electronic levels by X-radiation with 
the goal of developing X-ray lasers. 

Several advantages [Ref. 9] of a Cerenkov radiation are: 

1. The emission iS in a narrow cone, with a small cone 
angle. This means that all the radiation can be 
collected and tightly focused. 

2. Operation is in relatively low vacuum (about i0° 
Torr), in contrast with the iJ" = 10 Torr pressure for 
the synchrotron radiation. 

3. For an electron beam with energy greater than the 
threshold energy, it is relatively simple to obtain 
Cerenkov radiation. No magnetic field is reguired, as 
if Synchrotron radivation. 

4. Cerenkov radiation in the X-ray region has a rela- 
tively small spectral width and therefore is quite 


monochromatic. 
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APPENDIX A 
NOMERICAL CALCULATION OF THE EQUATION (2.24) 


I"ALUMNINUM " 11-6-1984 ; 


This 1s a basic HP language program which calculates the 
energy radiated per writ length for one electron for the 
case of aluminum L edge and carbon K edae. 
PROGRAM SOLVES FOR RADIATED ENERGY PER UNIT LENGTH 
FOR SINGLES EEEC TRON 
DIM Arrayl2?7 ,2) 
FOR K=1 TO 2 
IF K=1 THEN PRINT " ALUMINUM" 
Pee 2 eM Fei CARBO" 
READ Points 
REDIM ArrayCPoints,2) 
PRINT 
PRINT " OMEGA ‘ah 
PRINT 
FOR I#1 TO Points 
FOR J=1 TO 2 
READ Array(CI,J) 
PRINT USING "#,KU 5S" 
PRINT USING "#,0.0D0DESZ2" ;ArrayC(l,J) 
NEXT J 
Rion 
NEXT I 
Sumde=0 
PR LG 
PRINT " DOMEGA dE “dx Surge. 
PUR SiazeeO Pohnts 
Domega=Array(1,1)-ArrayCI-1,1) 
Fl=ArrayCI-1, L)*C1- cart ool 2) ©. S22 BO747 )o2) 
F2=Array(I,1)*€C1-17 Array! ,2)*.999986943)%2) 
CDedx=2. 5537021891E- 45*Domega*(F1l+F2)72. 
Sumde=Sumde +Dedx 
PRINT Domega ,Ded~x ,Sumde 
NEXT I 
PRINT 
PRINT " RADIATED ENERGY PER UNIT LENGTH " 
Pee) eo iicee sel eetTRON(Joule*meter ):” 


PRINT " " Sumde 
PRINT USING "fa" 
NEXT K 
STOP 
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unit length for one electron are: 
1.48 x 10°" Joule/m (ie. 
K-edge. 

Ze. x LOMevon Taya (ie. 1.47° = 10° eV/n) for aluninuag 


Carbon:DATA 
DATA 


As a results of the calculations 


lie 


fae 


DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 


END 


L~edge. 


ASAE Z ie 
07 6El7 at. 
256i 
.169E17,1. 
2 aca. 
.259E17,1. 
.306E17,1. 
, So ae 
.397E17,1. 
,4.279E17,1. 
4, 


325E17,1. 


0011, 
D160. 
0146, 


N09, 
007, 
DN eae 


0059, 
0056, 
0039, 
DU0S2,4. 


il 
1 
1 
1 
1 
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1 
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OO) bi) 
GUTPUT 2 WSING Waa its 
PRINT "Continue working, 
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You 


‘ng eee 
.O93E17,1 
.139E17,1. 
164617 oe 
23061718 
D7 5 caer ie 
32161961. 
.366E17,1. 
.412E17,1. 


294E17,1. 


are back 


0034, 1.063617,1. 
.0163, 1.108617,1. 
0113, 1.154€17,1. 
072, 1.199817 
0071, 1.245€17,1. 
0059, 1.290E617,1. 
0055, 1.336€17,1. 
0054, 1.381E17,1. 
0024, 1.427617 


00084,4.310617,1. 


0062, 
0243, 
0101, 
0069,. 
0071, 
0065, 
0054, 
0048 , 
0005, 
0017, 


in the BASIC System." 


the energy radiated per 


9 22e5eex J0™ eV/n) 


for carbon 


APPENDIX B 
LITERATURE SEARCH FOR CERENKOV RADIATION 


A literature search was done at the Naval Postgraduate 
Senoon Library. The following database were searched: 
INSPEC, SPIN, COMFENDEX and ENGINEERING MEETINGS. The 
INSPEC database is the largest English language database in 
the fields of physics. The total number of journals scanned 
is over 2,000 and 200 of these are abstracted completely. 

There are 123 articles related to Cerenkov X-radiation 
(among them many articles are related to astrophysics) 7 of 
which are useful for the X-ray Cerenkov experiment discussed 
in this thesis: 

1. Bazylev, V.A "Line Shape of Spontaneous Cerenkov 
Radiation in the X-ray kegion. Theory of Stinulated 
Raaerd: hon. 

2. Rynne, T.M "Synchrotron Cerenkov Radiation in the 
Vicinity of an Atomic Absorption Edge." 

Sic Bazylev, V.A “Intense Electromagnetic Radiation fron 
Relativistic Particles." 

4. Piestrup, M.A "Cerenkov Radiation asa Light Source 
for the 2,000-620 & Spectral Range." 

5. Kolpakov, A.V "Vavilov-Cerenkov Effect in the X-ray 
Ranges | 

6. Bazylev, V.A "X-ray Cerenkov Radiation. Theory and 
Experiment." 

7. Gilmore, R.S "An Observation on the Spatial 
Distribution of Vacuum UV Photons Senerated by 


Cerenkov Radiation." 
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